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Amendments to the Claims - 
This listing of claims replaces all prior versions and listings of claims in the applicati 

Listing of Clmmg- 

L (Currently Amended) A method fo rpr odi nt i ng fee f ailn rn nf > pea** fee method 

comprising: 

obtaining a Finite Element Model (FEM) of a component; 

analyzing said FEM to obtain stresses at nodes of said FEM; 

Mpn tifr mg a subaot of m id nodon as sigafieaat aed 1 1 ■ j F d r m ja i d str es ses; 

determining a Representative Volume Element (RVE) for at least one of said signified 

nodes; 

En veloping an RVE buildjnga microstmcture-based failure model for at least one said 
RVE and including the micmstnictiirft-has M failure modej in the RVE : 

simulating a component life using at least one RVE microstmcture-based failure model, 
said simulating producing a result related to said component life; 

performing said simulating a plurality of times to produce results related to component 

life; 

preparing statistics using said results; and 

comparing said statistics to a one or more probability of failure (POP) criteria to 
d etermine wh e th e r sa id perfo rming predicted failure fo r caid coni pci uu it. 

2. (Currently Amended) The method of claim 1, wherein said microstrucnm,^ 
failure is-due-to model comprise fatigue failure mgdelma afamatjon 
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3. (Cuirently Amended) The method of claim 1, wherein each said RVE microstructure- 
based failure model comprises at least one random variable and wherein probabilistic methods 
are used to provide values for said at least one random variable. 

4. (Currently Amended) The method of claim 1, wherein said simulating further 
comprises: 

establishing an RVE life for each said RVE, and 

using each said RVE life to produce a the result related to said component life. 

5. (Currently Amended) The method of claim 1, said develeping building comprising: 
identifying receiving information indicative of a selected material microstructure in said 

RVE; and 

nhn m rt mgi^ l i u * dmge-intefaete^itb said «a Serial i mr m-fnirt i p iu udu alluU 

f> ti p dn magonioolm t iiju j , 

ef6 * feg Bgavag predetermined failure modeling infnrm.ti^ „ ^ m 9 ir) for ^ 
sgjected.material microstructure^herein the pre-detmmnH failure mod,. W 
i ncludes modeling information for our or more djunage mechaxn sms for the selected 
microstnicture. 

h ni od nn -n d nt I cujL u nc dn mogo moohaui^ n jd oroatin ^ ouiiipu ^ 
findin g n se qsene e m id n f l cnJt u u u dun , n CP me chuuium W iwfrl te dnm lgv ^ ^ 
fliicroGtnioturc; 

PnrT ' 111111 U U<1 " f1? m " fi ° Ui Lu lia i lij ni nnri ,:,f ° g^P ofrnn dclo conchling 
n r lr n n rlnnt ion l llu a ^ crack growth inodol, and u teng n m e k growth m u Jd> ^ 

K n if i ng ,ni d ruod u l. te p mi1 , , Jt l jdIlW iriTcw. ti uauio W d f rilnn inu d t l b o,u l on 

information fr o m n id identifying, cham u uriginfi, anJ finding; 

6. (Currently Amended) The method of claim 5, wherein said p retermited m w 
modeling information for the selected m n tenal micrn.^^^ ^ M mn ^ ino ^ 
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at least one mechanical characteristic of the gglggtg] mate ) mfemim^, and «rtn-r 
includes modelinp information for y least m» bulk elastic material cW,^ ^ 
material rnfrrpsrmrf 1 m> . sa i d nh araotoriauig furthor eeaprisjgg ; 

det ermi ning said ma tcii fll mioroDtmcturo'a mcohaukal d iaract c riotics; aad 
d nt ermm i n c n id m atu idl, microotructuro'.H hn ll r Plaatic um t ariol ehaaete rist fag , 

7. (Currently Amended) The method of claim 5, wherein said fediag pre-determir,^ 
Mure modelinp information uprises rrack nuclgatioa modeling jntoation short cask, 
growth, mpdelinp information and lon P crack growth matins jnfojmation eeagriseg 

deter mi n ing hew mm y o f said at least see damage a - shaaa g nrn ewefc imJuaU^ 
mochanisn wf 

dn t nrminin c h n ay u f .aid nt to as t nnr ,1 , , me ^ i 1|m f crQC , 



dotrrmininchrM U j uf o U j j lt ^ ono damage m nrhnnir kmg sraak ^ o w fe 

mcohani G ms; and 

d ev^ Hg i i g y fa li nlrfapr sa id 1 atteleatk ■ 1 , ■ ir lr g-enrth, and leng 

erack growth mcohamanis , 

8. (Currently Amended) The method of claim 1, said simulating further comprising: 
detennining and an RVE life for each said RVE, said determining an RVE life 
Comprising: 

evaluating a statistically <ieteirnined number of nucleation sites wimin said RVE utilizing 
probabilistic methods. 



9. (Original) The method of claim 8, wherein said probabilistic methods comprise Monte 
Carlo (MC) methods. 

10. (Currently Amended) The method of claim 1, send idontifymi further comprising: 
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identifying a subset of said nodes gg agmficfflt ™4 » h ^ nn said gtrggses nhtnintnr n 
r tit iotical diotribi ifio n of :aid Lhcjj nr nt , r . n ^ Bedefi nml r Trn in lntinj. a m mu u nu iii 
further comprising; 

e s t ablishing on R\ ?Vi l ift for said T ?W w feg p iu bul i1i>ti n mothocb and , q lJ 
statistical distributi eft. 



U. (Currently Amended) The method of claim 10, wherein identifying , plgajd. 
nodes comprise obtaining a gtaferica] distrihntinn „f ^ gtresggj at said nnH« M wfa^ ^ 
simulating a component further oomprises sstahl^in p ^ rvr Tl - fe fnr » ach RVR 1lriwp 

probabilistic methods mmp ri>hifT wh nrni n said pro b a b Ji^ c mothods comp r i se Monte Carlo 
methods. 

12. (Original) The method of claim 1, wherein said component has regions of similar 
geometric detail and said simulating further comprises addmg a spatial correlation for said 
regions. 

13. (Original) The method of claim 10, wherein said component has regions of similar 
geometric detail and said simulating further comprising adding a spatial correlation for said 
regions. 

14. (Currently Amended) The method of claim 5, wherein said RYE microstructure- 
based failure model comprises random variables and wherein probabilistic methods are used to 
provide values for said random variables. 

15. (Original) The method of claim 14, wherein said probabilistic methods rely upon 
simulation-based methods. 
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1 6. (Original) The method of claim 1 5, wherein said simulation-based methods are direct 
methods selected from a group consisting of: Monte Carlo (MC) methods, and importance 
sampling methods. 

17. (Currently Amended) The method of claim 5, wherein said getting comprises 
developing at least one of said group of modols p re-detennined failure modeling information 
includes crack nucleation modeling information, short crack growth modeling information, and 
long crack growth modeling information based on the one or more damage mechanisms for the 
selected material microstructure. an d wherein said building comprises linking said crack 
nucleation modeling information, short crack growth modeling information, and long crack 
growth modeling information . 

18. (Currently Amended) The method of claim 5 S wherein said pre-determined failure 
modeling information includes crack nucleation modeling information based on at least one of 
the one or more damage mechanisms for the selected material microstructure, wherein the crack 
nucleation modeling information is indicative of a damage interaction with said selected materia] 
microstructure for said one or more damage mechanisms. w horoin Gaid g e tting farther oompriGos: 

identifying variabloa that aro important in the doaoription of e ach said at l e ast ono damago 
m o chaniGm; 

r e lating said variables that ar e important to ono of a group of doma g o mochanisms 
consisting of: a orack nucleation mechanism, a short crack growth mechanism, and a long omok 
growth m e chaniom to form, r e sp e ctively, on e of a group of modolc consisting of: a oraek 
e ucl e ation model, a ohort crack growth model, and a long crack growth model; and 

d e fining output from caid on e of a group of models. 

19. -31. (Cancelled) 
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32. (Original) A method of determining the orientation factor for a grain slip system of a 
material, the method comprising: 

obtaining equations that relate a stress direction to a material's at least one potential slip 

system; 

simulating a grain orientation of said material, said simulating comprising: 

using probabilistic methods to generate a slip plane normal angle for each said at 
least one potential slip system, 

inputting said normal angle into said equations to obtain a potential orientation 
factor for each said at least one potential slip system, and 

selecting the least said potential orientation factor as a grain orientation factor for 
said grain orientation; 

repeating said simulating for a defined number of grains and obtaining a plurality of grain 
orientation factors; and 

creating a statistical distribution of said plurality of grain orientation factors to determine 
an orientation factor for said grain slip system. 

33. (Original) The method of claim 32, said probabilistic methods comprising Monte 
Carlo methods. 

34. (Original) The method of claim 32, said equations pertaining to titanium aluminide. 

35. (Original) An apparatus for determining the orientation factor for a grain slip system 
of a material comprising: 

a central processing unit (CPU); 

an output device for displaying simulated fatigue results; 
an input device for receiving input; 
and a memory comprising: 
instructions for receiving input; 
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instructions for simulating a grain orientation of said material, said simulating 
comprising: 

relating a stress direction to each of material's at least one potential slip system 
with equations; 

using probabilistic methods to generate a slip plane normal angle for each said at 
least one potential slip system; 

inputting said normal angle into said equations to obtain a potential orientation 
factor for each said at least one potential slip system; and 

selecting a least said potential orientation factor as a grain orientation factor for said grain 
orientation; 

instructions for repeating said simulating for a defined number of grains and obtaining a 
plurality of grain orientation factors; and 

instructions for creating a statistical distribution of said plurality of grain orientation 
factors to determine an orientation factor for said grain slip system. 

36. (Original) The apparatus of claim 35, said probabilistic methods comprising Monte 
Carlo methods. 

37. (Original) The apparatus of claim 35, said equations pertaining to titanium 
aluminide. 

38. (New) The method of claim 5, wherein the one or more damage mechanisms include 
stress and fatigue. 

39. (New) The method of claim 5, wherein receiving information indicative of a 
selected material microstructure in said RVE comprises receiving information indicative of a 
component material, and wherein the selected material microstructure is selected from a plurality 
of available material microstructures associated with the component material. . 
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40. (New) The method of claim 1, wherein said performing said simulating a plurality of 
times comprises performing said simulating a first time using a first selected material 
microstructure of a plurality of available material micro structures associated with at least one 
component material, and further comprises performing said simulating a second time using a 
second different selected material microstructure of the plurality of available microstructures 
associated with the at least one component material. 

41 . (New) An article comprising a machine-readable medium storing instructions 
operable to cause one or more machines to perform operations comprising: 

receive information indicative of a component configuration of a component; 
obtain a finite element model (FEM) information associated with the component; 
analyze the FEM to obtain stresses at one or more nodes of the FEM; 
determine at least one Representative Volume Element (RYE) for one or more associated 
nodes; and 

simulate a first component life using at least one microstructure-based failure model for 
the at least one RVE based on a first selected microstnicture of a plurality of available 
microstructures for the component to obtain a first output; and 

simulate a second component life for the at least one RVE based on a second different 
selected microstructure of the plurality of available microstructures for the component to obtain a 
second output, 

42. (New) The article of claim 41, wherein the instructions further comprise: 
generate information indicative of a first component lifetime based on the first output; 

and 

generate information indicative of a second component lifetime based on the second 

output 
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43. (New) The article of claim 42, wherein the operations fluther comprise: 
generate statistics using said information indicative of the first component lifetime and 

the second component lifetime. 

44. (New) The article of claim 43, wherein the operations further comprise: 
compare the statistics to information indicative of one or more probability of failure 

criteria. 

45. (New) The article of claim 41, wherein the microstxuctute-based failure model for 
the RVE comprises fatigue failure modeling information. 

46. (New) The article of claim 41, wherein the operations further comprise: 
simulate a component life a plurality of times for each RVE to obtain information 

indicative of a RVE life for each RVE; and 

using the information indicative of the RVE life for each RVE to generate statistics for 
each RVE; and 

compare the statistics to information indicative of one or more probability of failure 
criteria. 

47. (New) A system, comprising: 
a processor; 

an input device configured to receive input; and 

one or more machine-readable media storing instructions operable to cause one or more 
machines to perform operations comprising: 

receive information indicative of a component configuration of a component; 
obtain a finite element model (FEM) information associated with the component; 
analyze the FEM to obtain stresses at one or more nodes of the FEM; 
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determine at least one Representative Volume Element (RVE) for one or more associated 
nodes; and 

simulate a first component life using at least one microstructure-based failure model for 
the at least one RVE based on a first selected infrastructure of a plurality of available 
microstructures for the component to obtain a first output; and 

simulate a second component life for the at least one RVE based on a second different 
selected microstructure of the plurality of available microstructures for the component to obtain a 
second output. 

48. (New) The system of claim 47, wherein the instructions further comprise: 
generate information indicative of a first component lifetime based on the first output; 

and 

generate information indicative of a second component lifetime based on the second 

output. 

49. (New) The system of claim 48, wherein the operations further comprise: 
generate statistics using said information indicative of the first component lifetime and 

the second component lifetime. 

50. (New) The system of claim 49, wherein the operations further comprise: 
compare the statistics to information indicative of one or more probability of failure 

criteria. 

51. (New) The system of claim 47, wherein the microstructure-based failure model for 
the RVE comprises fatigue failure modeling information. 

52. (New) The system of claim 47, wherein the operations further comprise: 
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simulate a component life a plurality of times for each RVE to obtain information 
indicative of a RVE life for each RVE; and 

using the information indicative of the RVE life for each RVE to generate statistics for 
each RVE; and 

compare the statistics to infonnation indicative of one or more probability of failure 
criteria. 
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